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Understanding factors that motivate conservation behavior among farmers is crucial to addressing 
societal, soil, water, and wildlife conservation goals. Farmers employ soil conservation practices to 
maintain agricultural productivity while minimizing impacts to water and wildlife in the long-term. The 
majority of conservation programs are voluntary in nature and some farmers are more willing and/or able 
to implement conservation practices than others. To inform the development of more effective 
conservation outreach and incentive programs, we created a farmer typology using data from three waves 
(2015, 2016, 2018) of a longitudinal survey of 358 farmers from Iowa, a highly productive agricultural 
state in the U.S. Midwest. Using multivariate analysis (Principal Component Analysis, and Cluster 
Analysis), we employed 26 summated scale variables measuring largely unobservable and latent 
constructs related to conservation, including awareness, attitudes, beliefs, and perceived motivations and 
barriers to practice adoption. Through this analysis, we identified four types of farmers-Conservationist, 
Deliberative, Productivist, and Traditionalist—based on the salient characteristics of each group. 
“Conservationist” farmers scored highest on measures of stewardship motivations and identity. 
“Deliberative” farmers appeared to be favorably disposed toward conservation, but also seem to consider 
agronomic and economic impediments more than other groups. “Productivist” farmers had the highest 
scores on profit motivation and emphasis on input use. “Traditionalist” farmers reported being heavily 
influenced by family members and scored highest on social and regulatory influence on conservation 
motivations. Detailed understanding of between-groups differences on key conservation-related factors 
can contribute to developing targeted messages for specific subgroups of a given population, potentially 
resulting in higher adoption of voluntary conservation programs in Iowa and beyond. 
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A B S T R A C T   
Understanding factors that motivate conservation behavior among farmers is crucial to addressing societal, soil, 
water, and wildlife conservation goals. Farmers employ soil conservation practices to maintain agricultural 
productivity while minimizing impacts to water and wildlife in the long-term. The majority of conservation 
programs are voluntary in nature and some farmers are more willing and/or able to implement conservation 
practices than others. To inform the development of more effective conservation outreach and incentive pro-
grams, we created a farmer typology using data from three waves (2015, 2016, 2018) of a longitudinal survey of 
358 farmers from Iowa, a highly productive agricultural state in the U.S. Midwest. Using multivariate analysis 
(Principal Component Analysis, and Cluster Analysis), we employed 26 summated scale variables measuring 
largely unobservable and latent constructs related to conservation, including awareness, attitudes, beliefs, and 
perceived motivations and barriers to practice adoption. Through this analysis, we identified four types of 
farmers-Conservationist, Deliberative, Productivist, and Traditionalist—based on the salient characteristics of 
each group. “Conservationist” farmers scored highest on measures of stewardship motivations and identity. 
“Deliberative” farmers appeared to be favorably disposed toward conservation, but also seem to consider 
agronomic and economic impediments more than other groups. “Productivist” farmers had the highest scores on 
profit motivation and emphasis on input use. “Traditionalist” farmers reported being heavily influenced by 
family members and scored highest on social and regulatory influence on conservation motivations. Detailed 
understanding of between-groups differences on key conservation-related factors can contribute to developing 
targeted messages for specific subgroups of a given population, potentially resulting in higher adoption of 
voluntary conservation programs in Iowa and beyond.   
1. Introduction 
Agriculture is the Earth’s dominant land use and will continue to be 
as global population and food demand remains steady or increases with 
human population growth and changing diets (Tamburino et al., 2020; 
Tilman et al., 2011). Yet, many significant environmental challenges 
that manifest themselves locally, regionally, and globally stem from the 
management of agricultural systems, including impacts to soil health, 
water quality, and biodiversity (Alagele et al., 2019; Rockström et al., 
2009; Smith et al., 2019). Conversion of other land uses to agriculture 
and its intensification could provide the crop production increases 
required to meet global demand. However, efforts toward agricultural 
expansion and intensification need to be combined with widespread 
implementation of soil, water, and biodiversity conservation measures 
to maintain long-term functioning and reduce environmental impacts 
and tradeoffs (Power, 2010; Royal Society, 2009). 
Agriculture in the U.S. Midwest is known for both its productivity 
and its significant negative impacts due to the application of fertilizers, 
herbicides, and tillage practices (Kim et al., 2014; Lee et al., 2020; 
Rabotyagov et al., 2014). Although the region is highly productive in 
terms of grain and livestock-based commodities, the widespread extent 
of agriculture creates unintended consequences for the environment, 
including degradation of ecosystem services and functions, biodiversity, 
damaged local aquatic resources, and soil and water quality (Brooks 
et al., 2016; Burney et al., 2010; Dirzo and Raven, 2003; E.P.A., 2017; 
Rabotyagov et al., 2014; Turner et al., 2012; Ward et al., 2005). 
To minimize environmental degradation in the U.S. Midwest, 
numerous governmental and non-governmental organizations have 
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been working on different strategies to promote conservation practices. 
The 2012 Nutrient Reduction Strategy (NRS) for the state of Iowa is one 
of such efforts (IDALS et al., 2017). This strategy is centered upon the 
promotion of voluntary adoption of diverse conservation practices such 
as no-till farming, cover crops, buffers, and constructed wetlands to 
reduce the nutrient losses that lead to water quality impairments across 
the Upper Midwest and hypoxic conditions in the Gulf of Mexico (Lee 
et al., 2018). Although sustaining agricultural productivity at high levels 
while minimizing nutrient loss is a significant challenge for modern 
agriculture, the adoption of conservation practices by farmers can help 
mitigate soil and water quality impairment. However, over decades both 
governmental and non-governmental agencies aimed at promoting 
conservation practices have faced difficulties in getting private land-
owners to adopt conservation practices (Prokopy et al., 2019), despite 
major outreach, extension and conservation program endeavors (Na-
tional Research Council, 2010). 
Farmers’ individual non-economic and unobservable characteristics 
(e.g., motivations, attitudes) affect their behaviors (Chhetri et al., 2018; 
Liu et al., 2018; Prokopy et al., 2019; Ranjan et al., 2019), and different 
strategies and policy interventions for promoting conservation practices 
may appeal to different farmer types. For example, farmers’ decision 
making about the adoption of particular conservation practices is 
influenced by complex individual attitudes, beliefs, and motiva-
tion/barriers in addition to other socio-economic characteristics (Pro-
kopy et al., 2019, 2008). A better understanding of these characteristics, 
and knowledge of farmers’ perspectives on the salient challenges, is 
necessary for developing more effective policies and strategies (Leeuwis, 
2004; National Research Council, 2010). However, “farmers” are not a 
monolithic group: like most other groups of people, they are heteroge-
neous in their attitudes and perceptions (Gorton et al., 2008), and 
adoption of conservation practices can be dynamic across agricultural 
landscapes and over time (Brodt et al., 2006; Daloǧlu et al., 2014; Davies 
and Hodge, 2007; Zimmerman et al., 2019). Although most conservation 
practice adoption studies examine individual farmer’s attitudes and 
values towards particular topics, the development of typologies is 
increasingly seen as a promising approach for informing the design of 
outreach or incentive programs. Typologies can be used to design pro-
grams that appeal to distinct groups or segments of farmers, potentially 
increasing the adoption of conservation practices (Barnes and Toma, 
2011). 
Farmers can be categorized into different types according to their 
characteristics. Classifying farmers as “types” can facilitate analysis of 
how particular sets of characteristics such as perceptions and motiva-
tions relate with behaviors towards a specific issue (Collier et al., 2010). 
Each type may refer to a group of farmers who share similar attitudes, 
motivations, and behaviors (Foguesatto et al., 2019). The classification 
of farmers into different types can improve the understanding of char-
acteristics that influence conservation adoption (Daloǧlu et al., 2014; 
Kostrowicki, 1977; Valbuena et al., 2008). Classification can effectively 
address heterogeneity of farmers by finding commonalities that are 
related to particular behaviors (Valbuena et al., 2008), allowing tar-
geted delivery of conservation messages based on the audience. 
Thus, recent years have seen a number of segmentation studies that 
have considered farmers’ perceptions, motivations and behaviors glob-
ally (Barnes and Toma, 2011; Bidogeza et al., 2009; Daloǧlu et al., 2014; 
Foguesatto et al., 2019; Hyland et al., 2016; Morgan et al., 2015; 
Schwarz et al., 2009; Upadhaya and Dwivedi, 2019), including within 
the U.S. Corn Belt. Arbuckle et al. (2014) created a farmer typology to 
understand Corn Belt farmers’ perspectives on climate change. Daloǧlu 
et al. (2014) combined the typology and SWAT model to explore coupled 
soil and biophysical processes within Corn Belt agricultural systems. 
Generally, these studies have been conducted through farmer surveys, 
and the data analyzed by multivariate methods, including Principal 
Component Analysis (PCA) and cluster analysis. 
In this study, we aimed to categorize Iowa farmers into different 
types based on commonalities in attitudes, perceived motivations and 
barriers to change, sources of information, value orientations, and other 
characteristics related to conservation practices. Our overall objective 
was to evaluate whether heterogeneous individual farmers might be 
sorted into groups and whether within-group commonalities (i.e., in 
terms of attitudes, values, etc.) could be determined for use in devel-
opment of segmented or differentiated outreach strategies and policies 
tailored to the characteristics of each group. 
2. Methods 
2.1. Study area 
We conducted this study using survey data collected from farmers in 
Iowa, an agricultural state in the Midwestern U.S. Iowa comprises 
145,785.25 km2 of primarily cultivated land located in the middle lat-
itudes between the Mississippi and Missouri Rivers (Fig. 1). The average 
annual temperature ranges from 7.2 ◦C in the north to 12 ◦C in the 
southeast. The annual average precipitation is around 863 mm. Due to 
favorable climatic conditions and rich soil resources, Iowa is one of the 
main agricultural and grain production states in the U.S. Cultivated 
crops of mainly corn (Zea mays L.) and soybeans (Glycine max [L]) 
dominate the landscape (Fig. 1). The state is also a top producer of 
poultry, pork, and eggs (USDA NASS, 2019). 
2.2. Survey data 
We constructed the sample for this analysis using the 2015, 2016, 
and 2018 waves of the Iowa Farm and Rural Life Poll (IFRLP). The IFRLP 
is an annual panel survey conducted through a partnership between 
Iowa State University Extension, the Iowa Agricultural Statistics Service, 
and the Iowa Department of Agriculture and Land Stewardship 
(Arbuckle, 2013). The IFRLP has been conducted every year since its 
establishment in 1982 through 2018, and is the longest-running survey 
of its kind in the U.S. (Arbuckle, 2016). We merged datasets from 2015, 
2016, and 2018, resulting in a three-year panel of 358 farmers. The 2015 
survey was sent to 2093 farmers and returned by 1159 for a response 
rate of 55 % (Arbuckle, 2016). The 2016 survey was sent to 2089 
farmers and returned by 1039 farmers for a response rate of 50 % 
(Arbuckle, 2017). The 2018 survey was sent to 2151 farmers and 
returned by 50 % or 1061 (Arbuckle, 2019). The overall sample was 
smaller than the annual samples due to sample attrition over time and 
variation in the response rate for selected questions within each year. 
2.3. Indicator variable construction 
The first step in our typology development process entailed con-
struction of 26 different scales from 109 IFRLP questions and items 
measuring attitudes, perceived motivations and barriers to change, 
sources of information, value orientations, and other characteristics. We 
constructed these scales based of a review of the major factors influ-
encing the adoption of conservation practices, especially the meta- 
analytic review articles Prokopy et al. (2008) and Prokopy et al. 
(2019). We employ summated scales that combine multiple items 
because they can improve both the reliability and precision of mea-
surement of attitudinal constructs (DeVellis, 2003; McIver and Car-
mines, 1981; Spector, 1992). Over recent years, the IFRLP has contained 
many questions focused on farmer perspectives on soil and water con-
servation, primarily in the form of multiple-item question sets that 
measure underlying latent constructs such as attitudes and values 
(Arbuckle, 2019, 2017, 2016). Based on the literature review and our 
experience, we selected 109 items from the surveys to enter into a series 
of factor analyses that guided creation of 26 summated scales. The 
output of the factor analyses using PCA with varimax rotation is pro-
vided in tables S1− 5. To evaluate the internal consistency of the con-
structed scales, we used a standard measure of the scale of reliability, 
Cronbach’s alpha reliability coefficient (CARC) (Field, 2009) for each 
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scale. 
We derived the variables included in the analyses from question sets 
containing numerous items measured on 3− 6-point scales (i.e., agree-
ment, importance; S1− 5). Many of the question sets were designed to 
measure key latent constructs that research has associated with farmer 
adoption of conservation practices (Prokopy et al., 2019, 2008). The 
major conservation-focused variables measured awareness, attitudes, 
beliefs, trust in information sources, motivations/barriers, and stew-
ardship values related to conservation. Other variables measured 
selected agronomic practices, perspectives on farm policy, and self-rated 
quality of life. 
Two attitudinal scales measured farmers’ agricultural identity and 
values orientation. These question sets were replicated from previous 
research that examined the “good farmer” identity, or what farmers 
believe are important characteristics of a “good farmer” (McGuire et al., 
2013, 2015). Farmers were asked to rank 14 items on a five-point 
importance scale ranging from not important at all (1) to very impor-
tant (5) in terms of defining what makes a good farmer. Factor analysis 
was conducted on these 14 items to identify two constructs, the 
“conservationist identity” and the “productivist identity” (S1). 
Fig. 1. The location and land use/ land cover map of the state of Iowa. 
(source NLCD, 2016). 
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A related set of items examined intergenerational influence on farm 
management and conservation behaviors. Farmers were asked to rate 
the influence that previous generations of their family had on 12 aspects 
of their farm operation on a five-point influence scale from no influence 
(1) to very strong influence (5). We constructed two scales, “family in-
fluence farm operations” and “family influence stewardship” (S1). 
Similarly, to understand farmers’ interest in prairie strips two scales 
were developed from using survey questions asking whether or not 
farmers were interested in learning about and planting prairie for con-
servation purposes on their farm (S1). 
Two scales measured farmer beliefs about the spatial extent of pro-
spective benefits that conservation practices might generate on a 4-point 
scale from not beneficial (1) to very beneficial (4). Four items were 
extensive scale (i.e., my state, planet earth). Three items were more local 
(i.e., my farm, my watershed) (S1). 
Two major question sets assessed factors that motivate farmers to 
incorporate conservation practices and perceived barriers of conserva-
tion practices adoption into their operations, resulting in four motiva-
tions and two barriers scales. Farmers were asked to rank 23 motivation- 
related items on an importance scale ranging from not important at all 
(1) to very important (5) in terms of factors that were important for their 
decision to adopt conservation practices. We constructed four motiva-
tional scales; “stewardship motivations,” “regulation motivations,” 
“social motivations,” and “biodiversity motivations.” During factor 
analysis, only one item, “improve wildlife habitat” was loaded on 
“biodiversity motivations” because of which we separate this from 
“stewardship motivation.” Similarly, they were asked to rank seven 
barrier-related items on a five-point agreement scale ranging from 
strongly disagree (1) to strongly agree (5). The two barriers scales, 
“agronomic barriers” and “economic barriers,” were constructed from 
10 items measured on an agreement scale from strongly disagree (1) to 
strongly agree (5) (S2). 
Another major question set measured the degree to which farmers 
trust a range of agricultural stakeholder entities as sources of informa-
tion to help them make conservation decisions. The survey provided a 
list of 18 stakeholders and asked farmers to rate them on a 5-point trust 
scale ranging from strongly distrust (1) to strongly trust (2). Factor 
analysis of the 18 items indicated four scales: “trust commodity groups,” 
“trust conservation (oriented) entities,” “trust agribusiness entities,” and 
“trust family and friends” (S3). S3 also includes three scales related to 
soil health. Farmers awareness about soil health was assessed through a 
survey question asking them to rank 10 items on a 5-point agreement 
scale ranging from strongly disagree (1) to strongly agree (5). The factor 
analysis of these 10 items resulted in three soil health awareness scales 
named “soil health self-efficacy,” “soil health response efficacy,” and 
“soil health information awareness” (S3). 
A next set of questions examined key agronomic and fertility man-
agement practices and technologies. Farmers were asked to report 
changes in use of six items on a 5-point scale ranging from major 
decrease (1) to major increase (5) and combined into a "agronomic 
management" scale (S4). Use of five key fertility management items 
were rated on a three-point use scale: not used (1), might use (2), and 
used (3) and combined into a “fertility management practices” scale 
(S4). 
A final series of questions focused on well-being. Farmers were asked 
to rate three items on a five-point scale ranging from strongly disagree 
(1) to strongly agree (5). The farmers were also asked to rate how they 
feel about the quality of life of their family in the recent past and near 
future. Using five-point scale ranging from much worse (1) to much 
better (5) two scales were constructed; “quality of life family future” and 
“quality of life family past” (S5). A scale “attitude towards the Farm Bill” 
is comprised of three items that measured farmer perspectives on the 
United States Department of Agriculture’s largest farm policy instru-
ment, the Farm Bill. 
2.4. Analytical approach 
We employed a two-stage multivariate analytical approach, using 
Principal Component Analysis (PCA) and cluster analysis, to construct 
the farmer typologies. First, PCA was used to reduce 109 different var-
iables into a new set of components measuring key latent constructs 
(detailed in Section 2.3). The PCA condensed information from the 
original interdependent variables to a smaller set of independent vari-
ables (Bidogeza et al., 2009). The reduction of number of variables is 
essential in cluster analysis to retain stable and non-overlapping clus-
ters. Before running PCA, the dataset was checked for appropriateness of 
this technique. If the variables are largely independent or correlate very 
strongly, PCA may not be appropriate. Hence, we performed the 
Kaiser-Maier-Olkin (KMO) and Bartlett’s Sphericity test to check the 
appropriateness of data included in the PCA (Field, 2006). We used 
Cronbach’s alpha reliability coefficient (CARC) to test the internal 
consistency and reliability of the factor loading. DeVellis (2017) sug-
gested that CARC values of more than 0.6 are considered to be adequate 
in the social sciences. 
Using PCA, selected scale variables were used to construct factors. 
These factors were rotated using the varimax method, whereby the 
process tries to load a smaller number of highly correlated variables onto 
each component resulting in easier interpretation (Field, 2009; Upad-
haya and Dwivedi, 2019). Following Kaiser’s criterion, all factors 
exceeding an eigenvalue of one were retained for cluster analysis 
(Foguesatto et al., 2019), allowing us to concentrate a large part of the 
total information in a small number of uncorrelated variables. Factors 
retained from PCA were used in cluster analysis. 
Cluster analysis groups cases (in this case, farmers) according to their 
(dis)similarity in terms of their attributes represented by selected vari-
ables (Everitt et al., 2011). Cases within a certain cluster should be 
similar to each other, and cases belonging to different clusters should be 
dissimilar. As no single procedure is available to determine the most 
suitable number of clusters (Bidogeza et al., 2009), we used two clus-
tering methods to ensure the stability of clusters, Ward’s hierarchical 
procedure and K-means clustering. Ward’s method minimizes the vari-
ance within clusters and tends to find clusters of relatively equal sizes 
(Köbrich et al., 2003). The numbers of clusters (k) retained from Ward’s 
method using the agglomeration coefficient schedule were used as a 
starting point for K-means clustering to get a desired number of 
un-nested clusters. We used information from the dendrogram, 
agglomeration coefficients from Ward’s method, and knowledge about 
the study population to select an optimal number of clusters. This 
two-stage clustering approach yielded four distinct clusters. We per-
formed a one-way analysis of variance test (ANOVA) to identify the 
variables with the largest differences between clusters (Field, 2009). 
3. Results 
The results of KMO test and Bartlett’s sphericity test showed that 
datasets of survey responses from 358 Iowa farmers could be factored. 
The overall KMO test was higher than 0.75 and Bartlett’s sphericity test 
was highly significant (p < 0.000). This suggested that the variables 
under analysis are related, justifying some form of factoring (Bidogeza 
et al., 2009; Field, 2009). 
3.1. Principal component analysis results and component labeling 
In total, 26 variables were included in the PCA, of which nine prin-
cipal components with eigenvalues >1 were identified for further 
analysis (S6). These nine components explained 69 % of the total vari-
ability in the dataset. We then evaluated each component and developed 
descriptive labels that characterize them according to the variables with 
which they were most strongly associated. 
The first component (F1), which explained 20.3 % of the total vari-
ance, was most strongly and positively correlated with non-economic 
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conservation motivations such as biodiversity and stewardship (S6). 
Thus, we labeled F1 “Non-economic Conservation Motivations” 
(Table 1). The second (F2) component explained 9 % of the variance. 
This component was most closely related to sources of information that 
farmers trust to inform their decisions about conservation practices (S6). 
This component was labeled “Conservation Trust.” The third component 
(F3, 7.7 % of variance) was related to farmer perspectives regarding the 
spatial extent over which benefits from conservation practices are 
accrued (e.g., local, global) and the conservationist identity scale, and 
was labeled “Conservation Perceived Benefits”. The fourth component 
(F4, 6.5 % of variance) was strongly related to farmers’ understanding of 
and perceived capacity to manage for soil health; hence, we labeled it 
“Soil Health Focus.” 
The fifth (F5) and sixth (F6) components explained 5.8 % and 5.4 % 
of the variance, respectively (S6). The salient feature of F5 component is 
a relatively strong loading of agronomic input-intensive management 
and the productivist farmer identity scale, thus we labeled this compo-
nent “Productivism.” The sixth component was related to how inter-
generational familial factors influence farm operations and farmers’ 
stewardship. This component was most strongly associated with factors 
measuring the influence of past generations of family on farm decisions, 
and was labeled “Family Influenced.” The remaining three components 
each explained about 5 % of the variance. The seventh component (F7) 
showed a positive relationship with the farmers’ quality of life, i.e., the 
degree of satisfaction with all aspects of life for their families. This 
component was referred to as “Quality of Life.” The eighth component 
(F8) was positively correlated with farmers’ interest in learning about 
the prairie strips conservation practice or interest in planting prairie 
strips in their farmland. The last component (F9) correlated with 
perceived barriers to use of soil and water conservation practices. 
Components F8 and F9 were thus labeled “Prairie Strips” and “Agro-
nomic and Economic Barriers” respectively (S6, Table 1)). 
3.2. Cluster analysis: identifying and characterizing farmer types 
The nine factors retained from PCA were analyzed using K-Means 
clustering methods, and further reduced to four clusters (Table 1, Figs. 2, 
5), following the guidance of Bidogeza et al. (2009) for developing a 
meaningful classification. We labeled the clusters according their 
defining attributes: Conservationist, Deliberative, Productivist, and 
Traditionalist. The following sections describe each cluster and discuss 
the rationale for the labels we assigned them. 
3.2.1. The Conservationists 
The defining attributes of the “conservationist” cluster are the 
highest mean scores on the prairie strips factor and the soil health focus 
factor (Table 1, Figs. 2, 5). This group of farmers also had the second 
highest score on the non-economic conservation motivations factor, and 
the second lowest score on the productivism factor (Figs. 2, 5). 
Comparisons of mean scores on the variables that underlie the PCA 
factors illuminates details about the conservationist cluster relative to 
the other three groups. Farmers in this cluster had the highest scores on 
the biodiversity and stewardship motivations scales, the conservationist 
identity scale, and the soil health response efficacy scale (Fig. 4). They 
also had the highest score on the intergenerational family influence on 
stewardship scale and the prairie strips interest scale (Fig. 3). Impor-
tantly, the Conservationist cluster also had the highest scores on past 
and future quality of life, suggesting that this group tended to feel better 
about where they have been and their prospects for the future in terms of 
quality of life than their counterparts in other clusters. Thus, not only 
does this group appear to be the most conservation-oriented of the four 
clusters, they may also be happiest. 
The Conservationist cluster is also notable for its low scores on a 
number of variables. Farmers in this cluster scored lowest on the pro-
ductivist identity scale, and they had the lowest levels of trust in com-
modity groups as a source of information on soil and water conservation 
(Figs. 3 and 4). They also scored lowest on the economic barriers to 
conservation scale (Fig. 3). One seemingly inconsistent result is this 
group’s low mean on the Conservation Perceived Benefits factor (Fig. 2). 
This result appears to be driven by a low score on one of the three items 
with the strongest loadings on the factor. While this group had the 
second highest mean on the local conservation benefits scale item and 
scored highest by far on the conservationist identity scale item, it had a 
low score on the extra-local benefits of conservation practice that pulled 
the overall mean down (Fig. 4). In other words, while this group on 
average had the strongest conservation identity and believed that the 
conservation practices they use are beneficial to their farms and their 
local watersheds, they did not rate the extra-local benefits of those 
practices as highly as farmers in the other clusters (Fig. 4). That said, 
overall this group is defined by its robust conservation orientation. 
3.2.2. The Deliberative 
We labeled this group the “Deliberative” following Rogers’ (2003, 
284) use of this term to characterize ideal-type “early majority” adopters 
of innovations. His description of the early majority adopters, which 
tend to make up the largest proportion of adopters of a given innovation, 
as having a tendency to “…deliberate for some time before completely 
adopting a new idea,” seems fitting for this group. The Deliberative had 
high scores on some key conservation variables but low scores on others, 
indicating some uncertainty or ambivalence about conservation. They 
scored highest of all the clusters on the non-economic motivations fac-
tor, the conservation trust factor, and the conservation perceived benefit 
factor, and lowest on the family influence factor (Table 1, Figs. 2, 5). 
Other notable results were the second highest barriers score and second 
lowest soil health focus score (Figs. 3 and 4). Thus, farmers in this group 
appeared to lean toward a conservation orientation, evidenced by their 
trust in different sources of information to help them make conservation 
decisions and their high score on the conservation perceived benefits 
factor. At the same time, however, their interest in the innovative prairie 
strips practices and the innovative concepts of soil health was relatively 
low, and agronomic and economic barriers to conservation practice 
adoption was relatively high (Table 1, Fig. 3). 
Table 1 
Final cluster centers (mean for each variable within each final cluster) for the four-cluster solutions (K-means method).    
Clusters  
Factors Conservationist Deliberative Productivist Traditionalist F 
C1 Non-economic Conservation Motivations 0.131 0.217 − 0.664 0.080 12.672** 
C2 Conservation Trust 0.044 0.403 − 0.203 − 0.310 9.984** 
C3 Conservation Perceived Benefits − 0.234 0.153 0.076 0.042 2.809* 
C4 Soil Health Focus 0.533 0.108 0.313 − 0.857 51.143** 
C5 Productivism − 0.318 0.051 0.938 − 0.325 32.022** 
C6 Family Influenced 0.369 − 1.003 0.363 0.369 69.164** 
C7 Quality of Life 0.436 − 0.324 − 0.380 0.111 14.714** 
C8 Prairie Strips 0.998 0.006 − 0.561 − 0.674 101.298** 
C9 Agronomic and Economic Barriers − 0.045 0.102 − 0.421 0.217 5.894**  
Percentage of Farmers 28.2 % 26.8 % 17.6 % 27.4 %   
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Fig. 2. Final cluster centers (mean for nine different factors within each final cluster) for the four-cluster solutions (K-means method).  
Fig. 3. Mean scores for Conservationist, Deliberative, Productivist, and Traditionalist farmer types on the 12/26 scales entered into PCA, including input-intensive 
agronomic management scales, attitudinal and beliefs scales other characteristics related to conservation practices. 
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In-depth examination of mean scores on the variables that underlie 
each of the factors (Figs. 3 and 4) provides further clarifying informa-
tion. This group scored second highest on all of the motivation scales, 
suggesting that their conservation motivations are diverse (Fig. 4). They 
scored highest on all of the conservation trust items, indicating that they 
trust agribusiness entities, commodity groups, and conservation groups, 
and family and friends alike for information about soil and water con-
servation (Fig. 4). They also had the highest self-rating of both benefits 
of conservation practices scales, meaning that they tend to believe more 
strongly in both the local and extra-local conservation benefits of the 
practices they employ on the land they farm than the other groups. On 
the other hand, although they had the highest score on the soil health 
information awareness item, they had the second lowest scores on both 
of the soil health efficacy variables and on the conservationist identity 
scale, and second highest on the economic and agronomic barriers scales 
(Figs. 3 and 4). Considering all of these results together, this group ap-
pears to be favorably disposed toward conservation, but also “deliber-
ative,” perhaps weighing perceived agronomic and economic 
impediments against conservation benefits more than other groups. 
Their scores on past and future quality of life were the lowest and second 
lowest, respectively. 
3.2.3. The Productivists 
The defining characteristics among farmers in the “Productivist” 
cluster are the highest mean score on the productivism component, the 
lowest score on the non-economic conservation motivations factor, and 
the lowest score on the agronomic and economic barriers factor 
(Table 1, Fig. 2). Other notable results are the second-lowest score on the 
conservation trust factor, the second-lowest score on the prairie strips 
factor, and the lowest score on the quality of life factor (Table 1, Fig. 2). 
Thus, farmers in this group tended to place more emphasis on the pro-
ductivist elements of the good farmer identity scale items such as having 
the highest yields, the latest seed and chemical technology, and the 
newest equipment as signifiers of what makes a “good farmer” (McGuire 
et al., 2015). 
Similar to the other clusters, a close look at the means for the indi-
vidual variables that make up the factors provides a more nuanced 
characterization of the Productivist cluster. As would be expected, they 
had the highest mean scores on the productivist identity and the input- 
intensive agronomic and fertility management scales (Fig. 3). They also 
placed relatively little importance on non-economic conservation mo-
tivations, having the lowest scores on the biodiversity, social, and 
regulation motivations scales and second lowest score on the steward-
ship scale (Figs. 2, 4, 5). The productivists reported the second lowest 
levels of trust in conservation information from all entities (Fig. 4). They 
also expressed the second-lowest levels of interest in the innovative 
prairie strips practice. Taken together, these results indicate that farmers 
in this cluster tend to be highly focused on productivity and less 
conservation-oriented than other groups. 
Two notable results reference quality of life and farm well-being. The 
Productivist farmers scored lowest on the quality of life factor (Table 1, 
Fig. 2), indicating lower life satisfaction than the other groups. They 
scored second lowest on the past quality of life scale and lowest on the 
future quality of life scale (Fig. 3). They also scored highest on the 
(negative) attitudes toward farm policy and economics scale, indicating 
concern about the impacts of farm policy and rising input costs on their 
operations. Together these results signal lower overall satisfaction with 
their family and work situations. 
3.2.4. The Traditionalists 
Farmers in the “Traditionalist” cluster stand out not so much for their 
high scores on the cluster factor score means, which are notable, but for 
their low scores (Table 1, Fig. 2). Traditionalists had the lowest scores of 
all groups on the soil health focus factor, the prairie strips factor, the 
conservation trust factor, and the productivism factor, and the highest 
scores on the agronomic and economic barriers and the family influence 
Fig. 4. Mean scores for four farmer types: Conservationist, Deliberative, Productivist, and Traditionalist on the 14/26 scales entered into PCA including soil and 
water conservation motivations, trusts in formation sources, soil health perspectives other characteristics related to conservation practices. 
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factors (Table 1, Fig. 2). Scores on the underlying variables show that the 
Traditionalists had the lowest scores on 14 out of the 26 scales that were 
analyzed with PCA (Figs. 3 and 4). They had the lowest score on the 
stewardship motivation and conservation identity scales, were least 
trusting of state agencies, agribusiness firms, and family and friends as 
sources of conservation information, and they perceived the highest 
levels of agronomic and economic barriers to conservation practice 
adoption (Figs. 3 and 4). They had the lowest scores on all of the soil 
health and prairie strips scales. They had the lowest scores on the 
agronomy and fertility management scales, and second lowest score on 
the productivist identity scales. 
On the high side, the Traditionalists had the highest scores on the 
social and regulatory conservation motivations scales, meaning that 
neighborhood expectations and potential regulations were most influ-
ential in conservation decisions. They had the highest scores on both the 
economic and agronomic barriers to conservation adoption scales. They 
had the second highest scores on the influence of previous generations 
on current actions scales. Thus, overall the traditionalist seems to be 
defined by what might be characterized as a distrust of and rejection of 
both conservationist and productivist orientations, perhaps sticking to 
familial traditions passed down through the generations rather than 
trying new conservation ideas. 
4. Discussion and conclusion 
Despite decades of investment in soil, water, and wildlife habitat 
conservation, loss of biodiversity and degradation of agroecosystem 
resources and services is still widespread in the U.S. Midwest (Lark et al., 
2015; Spivak et al., 2011) and by some measures is getting worse (Moore 
et al., 2019; Secchi and Mcdonald, 2019). The state of Iowa and its 
highly productive agroecosystems is a leading contributor of nutrient 
load to Gulf of Mexico and resultant hypoxia (Rabalais et al., 2002) and 
is also losing soil and soil organic matter at unsustainable rates (Rabo-
tyagov et al., 2014). 
Because conservation programs in the Midwest (and Iowa) are 
almost wholly voluntary in nature (Secchi and Mcdonald, 2019), prog-
ress toward conservation goals depends largely on farmer actions. 
Consequently, development of more effective outreach and engagement 
strategies that motivate increased conservation behavior among farmers 
is critically important. Our two-stage cluster analysis approach using 
109 measures of conservation-relevant attitudes, motivations, and 
identity constructs has allowed us to develop a meaningful 
conservation-orientation typology of Iowa farmers that can be employed 
to inform engagement strategies. 
The four clusters identified—Conservationist, Deliberative, Produc-
tivist, and Traditionalist—are highly varied, complex, and distinct. 
Conservationists have a strong conservationist identity, are highly 
interested in innovative conservation approaches, and have strong non- 
economic conservation motivations. They also had the highest self-rated 
quality of life, both past and future. Productivists are highly focused on 
yield and profit maximization, and are confident in their capacity to 
manage for soil health. They are also most concerned about potential 
negative impacts of farm policy and the economics of commodity pro-
duction, and report the lowest levels of self-rated future quality of life. 
The Deliberative group had high levels of trust in sources of conserva-
tion information and a high rating of potential benefits from conserva-
tion practices, yet low levels of interest in innovative conservation 
approaches and high levels of perceived agronomic and economic bar-
riers to conservation practice adoption, indicating a potential leaning 
toward a conservation orientation, but also a reticence, perhaps due 
Fig. 5. Radar diagrams showing the cluster rank for each category of variables by standardized mean factor scores.  
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perceived lack of economic or agronomic capacity or knowledge/effi-
cacy. Finally, Traditionalists appear to be the least conservation ori-
ented, least trusting of conservation information sources, and perceive 
the highest levels of agronomic and economic barriers to conservation 
practice adoption. 
We propose that this farmer typology, like numerous similar prod-
ucts of segmentation analyses conducted across the globe to inform 
public engagement processes (see Chryst et al., 2018), can be employed 
to guide targeted, nuanced communications and outreach strategies for 
farmers in Iowa and across the U.S. Midwest. Take, for example, the 
findings that the Deliberative cluster farmers were most trusting of all 
conservation information sources and reported relatively high aware-
ness of soil health as a concept, yet they reported lower confidence in 
their capacity to manage for soil health and also had high perceived 
agronomic and economic barriers (Figs. 2–5). This points to a gap be-
tween awareness and capacity and suggests opportunities for trusted 
entities to focus outreach on increasing efficacy and addressing barriers, 
especially around soil health-focused practices. Traditionalists, on the 
other hand, while they also reported high perceived agronomic and 
economic barriers and low conservation efficacy, were least trusting of 
all entities except commodity groups. They also had the highest scores 
on the social (e.g., neighborhood expectations) and regulatory (e.g., 
comply with farm program requirements) motivations (see S2). 
Considering these factors together suggests that engagement strategies 
employing local opinion leaders, particularly those connected with 
commodity groups, might be effective with Traditionalist farmers. 
The primary goal of audience segmentation is to inform the devel-
opment and dissemination of targeted messages to specific subgroups of 
a given population (Hine et al., 2014). Our results provide a detailed 
understanding of between-group differences on key 
conservation-related attitudes, values, beliefs, and similar measures that 
point to many potential communication strategies. That said, as with 
most segmentation analyses, our measures are primarily unobservable 
characteristics, which can make identification of members of a given 
segment a challenge (Arbuckle et al., 2017). For example, Arbuckle et al. 
(2017) found that segments that showed high between-group differen-
tiation on variables such as attitudes and perceived risks were not 
appreciably different on variables such as farm enterprise characteristics 
and land management practices. Such lack of tangible characteristics 
that could be used to identify potential targets for segmented commu-
nications strategies may present challenges to effective engagement. 
Thus, further research needs to be conducted to examine how, if at all, 
the clusters vary in terms of observable characteristics. In particular, 
hypotheses regarding conservation behavior (i.e., amount and types of 
conservation practices used by different clusters) should be generated 
and tested. 
From this study, it can be concluded that multivariate statistical 
techniques combining PCA and cluster analysis are suitable tools for 
analyzing key variables measuring farmers’ attitudes, motivations, and 
identity constructs and creating typology to inform outreach strategies. 
Our differentiation of farmer types is an important step toward the 
development of segmented extension and outreach approaches that 
target sub-groups of farmers to improve the effectiveness of soil and 
water conservation programs and increase practice adoption. 
CRediT authorship contribution statement 
Suraj Upadhaya: Conceptualization, Data curation, Formal analysis, 
Methodology, Visualization, Writing - original draft. J. Gordon 
Arbuckle: Conceptualization, Methodology, Data curation, Formal 
analysis, Writing - original draft, Supervision, Funding acquisition. Lisa 
A. Schulte: Conceptualization, Writing - review & editing, Supervision, 
Funding acquisition. 
Declaration of Competing Interest 
The authors report no declarations of interest. 
Acknowledgements 
This paper is a contribution of C-CHANGE, which is supported by the 
Iowa State University Presidential Interdisciplinary Research Initaitive 
(PIRI). Its contents are solely the responsibility of the authors and do not 
necessarily represent the official views of the Iowa State University. The 
authors thank the survey respondents for sharing their time and insights 
to make this study possible. 
Appendix A. Supplementary data 
Supplementary material related to this article can be found, in the 
online version, at doi:https://doi.org/10.1016/j.landusepol.2020.10 
5157. 
References 
Alagele, S.M., Anderson, S.H., Udawatta, R.P., Veum, K.S., Rankoth, L.M., 2019. Effects 
of conservation practices on soil quality compared with a corn-soybean rotation on a 
Claypan soil. J. Environ. Qual. 48, 1694–1702. https://doi.org/10.2134/ 
jeq2019.03.0121. 
Arbuckle, J.G., 2013. Farmer support for extending conservation compliance beyond soil 
erosion: evidence from Iowa. J. Soil Water Conserv. 68, 99–109. https://doi.org/ 
10.2489/jswc.68.2.99. 
Arbuckle, J.G., 2016. Iowa Farm and Rural Life Poll: 2015 Summary Report, Extension 
Report PM3075. Iowa State University Extension, Ames, IA.  
Arbuckle, J.G., 2017. Iowa Farm and Rural Life Poll: 2016 Summary Report, Extension 
Report SOC3081. Iowa State University Extension, Ames, IA.  
Arbuckle, J.G., 2019. Iowa Farm and Rural Life Poll: 2018 Summary Report., Extension 
Report SOC3090. Iowa State University Extension, Ames, IA.  
Arbuckle, J.G., Hobbs, J., Loy, A., Morton, L.W., Prokopy, L.S., Tyndall, J., 2014. 
Understanding corn belt farmer perspectives on climate change to inform 
engagement strategies for adaptation and mitigation. J. Soil Water Conserv. 69, 
505–516. https://doi.org/10.2489/jswc.69.6.505. 
Arbuckle, J.G., Tyndall, J.C., Morton, L.W., Hobbs, J., 2017. Climate change typologies 
and audience segmentation among Corn Belt farmers. J. Soil Water Conserv. 72, 
205–214. https://doi.org/10.2489/jswc.72.3.205. 
Barnes, A.P., Toma, L., 2011. A typology of dairy farmer perceptions towards climate 
change. Clim. Change 112, 507–522. https://doi.org/10.1007/s10584-011-0226-2. 
Bidogeza, J.C., Berentsen, P.B.M., De Graaff, J., Oude Lansink, A.G.J.M., 2009. 
A typology of farm households for the Umutara Province in Rwanda. Food Secur. 1, 
321–335. https://doi.org/10.1007/s12571-009-0029-8. 
Brodt, S., Klonsky, K., Tourte, L., 2006. Farmer goals and management styles: 
implications for advancing biologically based agriculture. Agric. Syst. 89, 90–105. 
https://doi.org/10.1016/j.agsy.2005.08.005. 
Brooks, B.W., Lazorchak, J.M., Howard, M.D.A., Johnson, M.V.V., Morton, S.L., 
Perkins, D.A.K., Reavie, E.D., Scott, G.I., Smith, S.A., Steevens, J.A., 2016. Are 
harmful algal blooms becoming the greatest inland water quality threat to public 
health and aquatic ecosystems? Environ. Toxicol. Chem. 35, 6–13. https://doi.org/ 
10.1002/etc.3220. 
Burney, J.A., Davis, S.J., Lobell, D.B., 2010. Greenhouse gas mitigation by agricultural 
intensification. Proc. Natl. Acad. Sci. U. S. A. 107, 12052–12057. https://doi.org/ 
10.1073/pnas.0914216107. 
Chhetri, S.G., Gordon, J.S., Munn, I.A., Henderson, J.E., 2018. Factors influencing the 
use of consulting foresters by non-industrial private forest landowners in Mississippi. 
For. Chron. 94, 254–259. https://doi.org/10.5558/tfc2018-038. 
Chryst, B., Marlon, J., van der Linden, S., Leiserowitz, A., Maibach, E., Roser-Renouf, C., 
2018. Global warming’s “Six americas short survey”: audience segmentation of 
climate change views using a four question instrument. Environ. Commun. 12, 
1109–1122. https://doi.org/10.1080/17524032.2018.1508047. 
Collier, A., Cotterill, A., Everett, T., Muckle, R., Pike, T., Vanstone, A., 2010. 
Understanding and Influencing Behaviours: a Review of Social Research, Economics 
and Policy Making in Defra. 
Daloǧlu, I., Nassauer, J.I., Riolo, R.L., Scavia, D., 2014. Development of a farmer 
typology of agricultural conservation behavior in the American Corn Belt. Agric. 
Syst. 129, 93–102. https://doi.org/10.1016/j.agsy.2014.05.007. 
Davies, B.B., Hodge, I.D., 2007. Exploring environmental perspectives in lowland 
agriculture: a Q methodology study in East Anglia, UK. Ecol. Econ. 61, 323–333. 
https://doi.org/10.1016/j.ecolecon.2006.03.002. 
DeVellis, R.F., 2003. Scale Development: Theory and Applications, fourth. ed. Sage 
Publications, Thousand Oaks, CA.  
Dirzo, R., Raven, P.H., 2003. Global state of biodiversity and loss. Annu. Rev. Environ. 
Resour. 28, 137–167. https://doi.org/10.1146/annurev.energy.28.050302.105532. 
Everitt, B.S., Landau, S., Leese, M., Stahl, D., 2011. Cluster Analysis, 5th ed. John Wiley 
& Sons. https://doi.org/10.1002/9780470977811. 
Field, A., 2009. Discovering Statistics Using IBM SPSS Statistics, north amer. ed. Sage. 
S. Upadhaya et al.                                                                                                                                                                                                                              
Land Use Policy xxx (xxxx) xxx
10
Foguesatto, C.R., Borges, J.A.R., Machado, J.A.D., 2019. Farmers’ typologies regarding 
environmental values and climate change: evidence from southern Brazil. J. Clean. 
Prod. 232, 400–407. https://doi.org/10.1016/j.jclepro.2019.05.275. 
Gorton, M., Douarin, E., Davidova, S., Latruffe, L., 2008. Attitudes to agricultural policy 
and farming futures in the context of the 2003 CAP reform: a comparison of farmers 
in selected established and new Member States. J. Rural Stud. 24, 322–336. https:// 
doi.org/10.1016/j.jrurstud.2007.10.001. 
Hine, D.W., Reser, J.P., Morrison, M., Phillips, W.J., Nunn, P., Cooksey, R., 2014. 
Audience segmentation and climate change communication: conceptual and 
methodological considerations. Wiley Interdiscip. Rev. Clim. Chang. 5, 441–459. 
https://doi.org/10.1002/wcc.279. 
Hyland, J.J., Jones, D.L., Parkhill, K.A., Barnes, A.P., Williams, A.P., 2016. Farmers’ 
perceptions of climate change: identifying types. Agric. Human Values 33, 323–339. 
https://doi.org/10.1007/s10460-015-9608-9. 
IDALS, Iowa Department of Agriculture and Land Stewardship, Iowa Department of 
Natural Resources, Iowa State College of Agriculture and Life Sciences, et al., 2017. 
Iowa Nutrient Reduction Strategy a Science and Technology-based Framework to 
Assess and Reduce Nutrients to Iowa Waters and the Gulf of Mexico [WWW 
Document]. URL http://www.nutrientstrategy.iastate.edu/sites/default/files/ 
documents/1 2017 INRS Executive Summary and Section 1_Policy.pdf (Accessed 6 
August 2020). 
Kim, S., Dale, B.E., Keck, P., 2014. Energy requirements and greenhouse gas emissions of 
maize production in the USA. Bioenergy Res. 7, 753–764. https://doi.org/10.1007/ 
s12155-013-9399-z. 
Köbrich, C., Rehman, T., Khan, M., 2003. Typification of farming systems for 
constructing representative farm models: two illustrations of the application of 
multi-variate analyses in Chile and Pakistan. Agric. Syst. 76, 141–157. https://doi. 
org/10.1016/S0308-521X(02)00013-6. 
Kostrowicki, J., 1977. Agricultural typology concept and method. Agric. Syst. 2, 33–45. 
https://doi.org/10.1016/0308-521X(77)90015-4. 
Lark, T.J., Meghan Salmon, J., Gibbs, H.K., 2015. Cropland expansion outpaces 
agricultural and biofuel policies in the United States. Environ. Res. Lett. 10 https:// 
doi.org/10.1088/1748-9326/10/4/044003. 
Lee, D., Arbuckle, J.G., Zhu, Z., Nowatzke, L., 2018. Conditional causal mediation 
analysis of factors associated with cover crop adoption in Iowa, USA. Water Resour. 
Res. 54, 9566–9584. https://doi.org/10.1029/2017WR022385. 
Lee, E.K., Zhang, X., Adler, P.R., Kleppel, G.S., Romeiko, X.X., 2020. Spatially and 
temporally explicit life cycle global warming, eutrophication, and acidification 
impacts from corn production in the U.S. Midwest. J. Clean. Prod. 242, 118465. 
https://doi.org/10.1016/j.jclepro.2019.118465. 
Leeuwis, C., 2004. Communication for rural innovation rethinking agricultural 
extension. Blackwell Sci. 426. 
Liu, T., Bruins, R.J.F., Heberling, M.T., 2018. Factors influencing farmers’ adoption of 
best management practices: a review and synthesis. Sustainability. https://doi.org/ 
10.3390/su10020432. 
McGuire, J., Morton, L.W., Cast, A.D., 2013. Reconstructing the good farmer identity: 
shifts in farmer identities and farm management practices to improve water quality. 
Agric. Human Values 30, 57–69. https://doi.org/10.1007/s10460-012-9381-y. 
McGuire, J.M., Morton, L.W., Arbuckle, J.G., Cast, A.D., 2015. Farmer identities and 
responses to the social-biophysical environment. J. Rural Stud. 39, 145–155. https:// 
doi.org/10.1016/j.jrurstud.2015.03.011. 
McIver, J.P., Carmines, E.G., 1981. Unidimendional Scaling. Sage, Thousand Oaks, CA. 
https://doi.org/10.4135/9781412986441.n7.  
Moore, K.J., Anex, R.P., Elobeid, A.E., Fei, S., Flora, C.B., Goggi, A.S., Jacobs, K.L., 
Jha, P., Kaleita, A.L., Karlen, D.L., Laird, D.A., Lenssen, A.W., Lübberstedt, T., 
McDaniel, M.D., Raman, D.R., Weyers, S.L., 2019. Regenerating agricultural 
landscapes with perennial groundcover for intensive crop production. Agronomy 9. 
https://doi.org/10.3390/agronomy9080458. 
Morgan, M.I., Hine, D.W., Bhullar, N., Loi, N.M., 2015. Landholder adoption of low 
emission agricultural practices: a profiling approach. J. Environ. Psychol. 41, 35–44. 
https://doi.org/10.1016/j.jenvp.2014.11.004. 
National Research Council, 2010. Towards Sustainable Agricultural Systems in the 21st 
Century. National Academic Press. 
Power, A.G., 2010. Ecosystem services and agriculture: tradeoffs and synergies. Philos. 
Trans. R. Soc. B Biol. Sci. 365, 2959–2971. https://doi.org/10.1098/rstb.2010.0143. 
Prokopy, L.S., Floress, K., Klotthor-Weinkauf, D., Baumgart-Getz, A., 2008. Determinants 
of agricultural best management practice adoption: evidence from the literature. 
J. Soil Water Conserv. 63, 300–311. https://doi.org/10.2489/jswc.63.5.300. 
Prokopy, L.S., Floress, K., Arbuckle, J.G., Church, S.P., Eanes, F.R., Gao, Y., Gramig, B.M., 
Ranjan, P., Singh, A.S., 2019. Adoption of agricultural conservation practices in the 
United States: evidence from 35 years of quantitative literature. J. Soil Water 
Conserv. 74, 520–534. https://doi.org/10.2489/jswc.74.5.520. 
Rabalais, N.N., Turner, R.E., Scavia, D., 2002. Beyond science into policy: gulf of Mexico 
hypoxia and the Mississippi River. Bioscience 52, 129. https://doi.org/10.1641/ 
0006-3568(2002)052[0129:bsipgo]2.0.co;2. 
Rabotyagov, S.S., Kling, C.L., Gassman, P.W., Rabalais, N.N., Turner, R.E., 2014. The 
economics of dead zones: causes, impacts, policy challenges, and a model of the gulf 
of Mexico Hypoxic Zone. Rev. Environ. Econ. Policy 8, 58–79. https://doi.org/ 
10.1093/reep/ret024. 
Ranjan, P., Church, S.P., Floress, K., Prokopy, L.S., 2019. Synthesizing conservation 
motivations and barriers: what have we learned from qualitative studies of farmers’ 
behaviors in the United States? Soc. Nat. Resour. 32, 1171–1199. https://doi.org/ 
10.1080/08941920.2019.1648710. 
Rockström, J., Steffen, W., Noone, K., Persson, Å., Chapin, F.S., Lambin, E.F., Lenton, T. 
M., Scheffer, M., Folke, C., Schellnhuber, H.J., Nykvist, B., De Wit, C.A., Hughes, T., 
Van Der Leeuw, S., Rodhe, H., Sörlin, S., Snyder, P.K., Costanza, R., Svedin, U., 
Falkenmark, M., Karlberg, L., Corell, R.W., Fabry, V.J., Hansen, J., Walker, B., 
Liverman, D., Richardson, K., Crutzen, P., Foley, J.A., 2009. A safe operating space 
for humanity. Nature 461, 472–475. https://doi.org/10.1038/461472a. 
Rogers, E.M., 2003. Diffusion of Innovations, 5th ed. Free Press, New York.  
Royal Society, 2009. Reaping the Benefits: Science and the Sustainable Intensification of 
Global Agriculture. 
Schwarz, I., Mcrae-Williams, P., Park, D., 2009. Identifying and utilising a farmer 
typology for targeted practice change programs: a case study of changing water 
supply in the Wimmera Mallee. Ext. Farming Syst. J. 5, 33–42. 
Secchi, S., Mcdonald, M., 2019. The state of water quality strategies in the Mississippi 
River Basin: is cooperative federalism working? Sci. Total Environ. 677, 241–249. 
https://doi.org/10.1016/j.scitotenv.2019.04.381. 
Smith, P., Calvin, K., Nkem, J., Campbell, D., Cherubini, F., Grassi, G., Korotkov, V., Le 
Hoang, A., Lwasa, S., McElwee, P., Nkonya, E., Saigusa, N., Soussana, J.F., 
Taboada, M.A., Manning, F.C., Nampanzira, D., Arias-Navarro, C., Vizzarri, M., 
House, J., Roe, S., Cowie, A., Rounsevell, M., Arneth, A., 2019. Which practices co- 
deliver food security, climate change mitigation and adaptation, and combat land 
degradation and desertification? Glob. Chang. Biol. https://doi.org/10.1111/ 
gcb.14878. 
Spector, E.P., 1992. Summated Rating Scale Construction: an Introduction. Sage, 
Newberry Park, CA. https://doi.org/10.4135/9781412986038.  
Spivak, M., Mader, E., Vaughan, M., Euliss, N.H., 2011. The plight of the bees. Environ. 
Sci. Technol. 45, 34–38. https://doi.org/10.1021/es101468w. 
Tamburino, L., Bravo, G., Clough, Y., Nicholas, K.A., 2020. From population to 
production: 50 years of scientific literature on how to feed the world. Glob. Food Sec. 
24 https://doi.org/10.1016/j.gfs.2019.100346. 
Tilman, D., Balzer, C., Hill, J., Befort, B.L., 2011. Global food demand and the sustainable 
intensification of agriculture. Proc. Natl. Acad. Sci. U. S. A. 108, 20260–20264. 
https://doi.org/10.1073/pnas.1116437108. 
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